Context. The [Ne II] line 12.81 µm was proposed to be a good tracer of gas in the environments of proto-planetary disks; its origin is explained by different mechanisms: jets in outflows, photo-evaporative disk winds driven by stellar X-rays/EUV or by the Xray irradiated proto-planetary disk atmosphere. Previous Spitzer studies gave hints toward the neon emitting mechanism by exploring correlations between the line luminosity and properties of the star-disk system. These studies concluded that the origin of the emission is likely related to accretion and outflows, with some influence from X-rays. Aims. We provide direct constraints on the origin of the [Ne II] emission using high-spatial and spectral resolution observations that allow us to study the kinematics of the emitting gas. In addition we compare the [Ne II] line with optical forbidden lines. Methods. We obtained high-resolution ground-based observations with VISIR-VLT for 15 stars and UVES-VLT for three of them. The stars were chosen for having bright neon emission lines detected with Spitzer/IRS. The velocity shifts and profiles are used to disentangle the different emitting mechanisms producing the [Ne II] line. A comparison between results from this study and previous high-resolution studies is also presented. Results. The [Ne II] line was detected in 7 stars, among them the first confirmed detection of [Ne II] in a Herbig Be star, V892 Tau. In four cases, the large blueshifted lines indicate an origin in a jet. In two stars, the small shifts and asymmetric profiles indicate an origin in a photo-evaporative wind. CoKu Tau 1, seen close to edge-on, shows a spatially unresolved line centered at the stellar rest velocity, although cross-dispersion centroids move within 10 AU from one side of the star to the other as a function of wavelength. The line profile is symmetric with wings extending up to ∼ ±80 km s −1 . The origin of the [Ne II] line is unclear and could either be due to the bipolar jet or to the disk. For the stars with VLT-UVES observations, in several cases, the optical forbidden line profiles and shifts are very similar to the profile of the [Ne II] line, suggesting that the lines are emitted in the same region. A general trend observed with VISIR is a lower line flux when compared with the fluxes obtained with Spitzer. We found no correlation between the line full-width at half maximum and the line peak velocity. The [Ne II] line remains undetected in a large part of the sample, an indication that the emission detected with Spitzer in those stars is likely extended.
Introduction
Protoplanetary disks are the outcome of the star formation process. They provide the material for the young star and its planetary system. The central star indeed accretes matter from the disk until reaching its final mass, after 10 Myr (e.g., Mannings & Sargent 1997; Haisch et al. 2001; Hillenbrand 2008; Fedele et al. 2010) . In order to construct a detailed picture of the process that turns a pre-main-sequence star surrounded by an optically thick disk into a main-sequence star with a planetary system, we need to better understand the disk itself: its composition, size, dynamics, timescales.
The Spitzer Space Telescope (Werner et al. 2004 ) made a large contribution to the studies of protoplanetary disks in the mid-infrared (mid-IR) by revealing the presence of many emission lines from organic molecules (Carr & Najita 2008) , water (Carr & Najita 2008; Salyk et al. 2008; Pontoppidan et al. 2010) , and atomic species Lahuis et al. 2007; Flaccomio et al. 2009; Güdel et al. 2010; Baldovin-Saavedra et al. 2011) . Among the many emission lines detected by Spitzer, [Ne II] 12.81 µm gained particular interest. It was proposed to be a good diagnostic of gas in the upper layer of the disk, and is used to study the interaction between stellar high-energy irradiation and the disk. Currently there are three main mechanisms that could explain the presence of [Ne II] in the environment of young stars: -Irradiated disk atmospheres (Glassgold et al. 2007) . In this scenario, the X-rays from the central star create a warm atmosphere composed of gas in atomic form on top of a cooler molecular layer. [Ne II] would be emitted in a region within 20 AU from the central star, the giant planet formation region. -Photoevaporative disk winds driven by EUV (Clarke et al. 2001; Alexander et al. 2006 ), X-rays (Ercolano et al. 2009; Owen et al. 2010) or FUV ). -Shocks (Hollenbach & McKee 1989; ) and jets (Shang et al. 2010) . High velocity outflows from the star interacting with the surrounding material can create strong shocks heating gas to high temperatures.
[Ne II] would be a good tracer of material at velocities higher than 40-50 km s −1 .
Given the modest spectral resolution of the Spitzer infrared spectrograph (IRS; R ∼ 600, i.e., a velocity resolution of ∼ 500 km s −1 ; Houck et al. 2004 ) the lines detected are unresolved. Ground-based observations at high spectral resolution are needed in order to determine the origin of the neon-emitting mechanism, but the number of high-resolution spectra is still small. Herczeg et al. (2007) detected the [Ne II] emission line in one out of three spectra of young circumstellar disks observed with the mid-infrared spectrograph on Gemini North (R ∼ 30000). Based on the measured linewidth they ruled out an accretion flow origin, favoring the photoevaporative theory. van Boekel et al. (2009) presented high resolution ground-based spectroscopy (VISIR-VLT) of the young T Tau triplet, succeeding in spatially separating the N-S components. These observations showed that the [Ne II] emission is strongly dominated by outflows heated by shocks. Pascucci & Sterzik (2009) observed 6 targets with VISIR-VLT. For 3 stars in the sample, the line is spectrally resolved, and the line profiles are consistent with those predicted by photoevaporative flow driven by EUV from the central star. Pascucci et al. (2011) performed an extensive study on the neon emission in TW Hya using VISIR-VLT. The study confirmed the photoevaporation as emitting mechanism of neon in this star. Sacco et al. (2012) also studied the origin of [Ne II] emission with VISIR-VLT. They observed a large sample of young stars and detected the line in 12 out of 32 objects. They concluded that [Ne II] emission originates mainly in shocks for Class I protostars. This supports the statistical studies of Güdel et al. (2010) and Baldovin-Saavedra et al. (2011) that jets, if present, tend to dominate the [Ne II] emission. Sacco et al. (2012) also argued that the emission line stems from the inner disk (≤ 20 − 40 AU) for stars with transition and pre-transition disks. Their detailed analysis of the line profiles indicated an origin from a disk wind, although irradiation by EUV/X-rays underestimates the blueshift of the line. Our study complements the above studies by providing additional VISIR spectra for 15 targets, mainly Class II stars, and further com- 
Sample
We recently studied the gas emission with Spitzer-IRS in a large sample of young stars (Güdel et al. 2010; Baldovin-Saavedra et al. 2011 ) obtaining a large number of detections of [Ne II] . For our dedicated VLT-VISIR high-spectral resolution study, we selected objects accessible by the VLT for which the line fluxes obtained with Spitzer are higher than 10 −15 erg cm −2 s −1 , enough for follow-up ground based observations. The stars in our sample are mainly optically thick disks (Class II). We included a Class I object ( L1551 IRS 5) that has a bright [Ne II] line detected in the Spitzer spectrum, and an intermediate-mass Herbig Be star ( V892 Tau) because its low resolution spectrum hinted toward neon emission, but just below the detection threshold (Baldovin-Saavedra et al. 2011) . The stars known to be jet-driving sources are: CoKu Tau 1 (Eislöffel & Mundt 1998) , XZ Tau (Krist et al. 2008) , L1551 IRS 5 (Rodríguez et al. 2003) , and UY Aur (Hirth et al. 1997 ).
To our knowledge, the rest of the stars do not have reported outflows or jets in the literature. In addition, among the targets selected the following are binaries not resolved by Spitzer: MHO-1 and MHO-2 (3. ′′ 9 separation, Kraus & Hillenbrand 2009 ), V892 Tau (0.
′′ 05, Smith et al. 2005; Monnier et al. 2008) , FS Tau A (0.
′′ 24, Hartigan & Kenyon 2003; Hioki et al. 2011) , UY Aur (0.
′′ 88, McCabe et al. 2006) , XZ Tau (0. ′′ 30, Haas et al. 1990 ), V853 Oph (0.
′′ 3, McCabe et al. 2006) , and CoKu Tau 1 (0. ′′ 24, Padgett et al. 1999) . Table 1 summarizes the stellar properties of the stars selected for this high-resolution spectroscopy followup.
The scope of this study is to obtain high-resolution spectra of the [Ne II] line (12.81355 µm, Yamada et al. 1985) , and by determining the line center and studying the profiles, to obtain observational constraints on the emission mechanism of [Ne II]. The article is organized as follows: in Sect. 2.1 we describe the VISIR observation strategy and data reduction, in Sect. 2.2 we present complementary observations obtained in the optical with UVES-VLT and its data reduction, in Sect. 3 we present the results, the discussion in Sect. 4, and finally the conclusions in Sect. 5.
Observations & Data Reduction

VISIR-VLT
Mid-infrared high-resolution spectra were obtained with the imager and spectrometer VISIR (Lagage et al. 2004 ), installed at the Melipal telescope (UT3) of the VLT in three runs: May 2009, January 2010, and January 2011. Spectra were obtained in high-resolution mode (HR) using the long-slit (32.
′′ 5 long). This configuration covers a spectral region between 12.793 and 12.829 µm. One star (IRS 60) was observed using the crossdispersed mode (HRX), that uses a short slit of 4.
′′ 1, with the same spectral coverage. The slit width used was 0.
′′ 4, achieving a resolving power of ∼ 30000 in both configurations, measured from the FWHM of sky lines present in the spectra, which in velocity resolution corresponds to ∼ 10 km s −1 . The slit was oriented in the default North-South orientation, except for the sources known to be binaries with a separation such that the single components could be separated with VISIR. In those cases the slit orientation was adapted in order to obtain the spectra of the two components of the system. Standard chop-nodding along the slit was applied to correct for mid-infrared background emission with a chop throw between 8 ′′ and 12 ′′ . Standard giant stars (from the list of Cohen et al. 1999) or an asteroid (Psyche) were observed immediately before or after the science target to correct for telluric absorption and to obtain the flux calibration.
1 A 1 In principle, giant stars are not ideal telluric standard stars for medium and high-resolution infrared spectroscopy due to the presence of photospheric absorption lines, and asteroids are better telluric standards. In our case, however, giant stars were sufficient since Ne II detections (before telluric correction) were very strong, as shown in Fig. A.1 . Photospheric absorption in giant star spectra are faint, after checking with the asteroid spectra. The detections are, therefore, not due to inap- Luhman et al. (2010) ; (2) Rebull et al. (2010) ; (3) Hartigan & Kenyon (2003) ; (4) Torres et al. (2006) ; (5) Luhman (2004) ; (6) Wilking et al. (2005); (7) Preibisch (1999) summary of the VISIR observations is presented in Table 2 , including the date of the observations, the exposure time, the mode (HR high-resolution long-slit or HRX high-resolution crossdispersed), the airmass at the beginning and end of the observations, the seeing in the mid-infrared measured from the FWHM of the continuum, the position angle (following the standard convention of positive angles in the North-East direction), the star or asteroid used as calibrator, its respective exposure time, and airmass. The VISIR raw frames were processed with the standard VISIR data reduction pipeline version 3.7.2, using the command line application esorex. The output of the pipeline is a series of files including the extracted spectrum, a 2D image spectrum, a pixel-to-wavelength map, and a synthetic model spectrum of the calibration star. Starting from the 2D spectrum we have performed further steps based on Boersma et al. (2009) for the spectra obtained in HR mode.
i) Any remaining background emission is corrected by taking each pixel row and fitting a second order polynomial, ignoring the source power spread function (PSF) profile. The result from the fit is then subtracted from each pixel row, obtaining a 2D spectrum that is background-corrected.
ii) A weight map is created by collapsing the image in the dispersion direction, normalizing it, and then expanding it in the spatial direction. The science frame is then multiplied by the weight map. The spectrum is obtained by collapsing the resulting image in the spatial direction.
iii) The wavelength calibration is performed using the atmospheric emission lines. This is done by taking a raw frame and cross-correlating it with a model of the atmospheric spectrum 2 . Gaussian profiles are fitted to the atmospheric lines in order to obtain accurately the position of their center. By fitting a second order polynomial the pixel-to-wavelength conversion is obtained. This method gives a precision of 0.4 − 0.6 km s −1 in the wavelength solution.
propriate telluric correction. Nevertheless, we emphasize that observations to detect faint Ne II features should ideally be done with asteroids.
2 Available on the VISIR Tools website, see http://www.eso.org/sci/facilities/paranal/instruments iv) The observed calibrator spectrum is corrected for differences in airmass and air pressure with the science target, following the procedure described in Carmona et al. (2011) . The calibrator synthetic spectrum is divided by the observed calibrator spectrum. This result is then multiplied to the extracted spectrum of the science target to correct for telluric absorption and to get an absolute flux calibration. The uncertainty in the flux calibration is of the order of 20 − 30%.
Steps i, ii, and iii were applied to both the science target and its calibrator. The VISIR spectra were corrected for barycentric and radial velocity.
Whenever an asteroid was observed to correct for telluric absorption, the absolute flux calibration was based in Spitzer fluxes. In the particular case of UY Aur, the Spitzer flux corresponds to the binary, therefore to obtain an absolute flux calibration for the single components we used in addition the flux ratio between the components, derived from high-resolution imaging in the N band (McCabe et al. 2006) .
For the binaries, we converted the separation of the spectra from pixels to distance in the sky using the VISIR pixel scale (0.
′′ 127/pix). The binary systems resolved by our VISIR observations are MHO-1/2, and UY Aur, for which the projected separations observed are consistent with the separations reported in the literature. The small separation of XZ Tau did not allow the system to be spatially resolved, although the observed crossprofile was broad. The CoKu Tau 1 and FS Tau A binaries are also not resolved and show cross dispersion profiles consistent with a single source. Observations of EC 92 include the nearby star EC 95, located at a distance of 5 ′′ , however the spectrum of EC 95 has a very low signal-to-noise ratio and it is not exploitable.
UVES-VLT
After the end of our last VISIR run we requested observing time to obtain optical spectra with UVES-VLT for a number of targets with detected [Ne II] emission in VISIR, under DDT program 286.C-5038(A). The purpose was to derive radial velocities at high precision, only possible from high-resolution spectra (see details in A.2.1). Radial velocities are obtained by measuring ′′ 2, achieving a resolving power R ∼ 33000. The summary of the observations is presented in Table 3 .
We reduced the data following the standard UVES pipeline recipes, version 4.9.0, using the command line application esorex. Optical data need to be corrected for several instrumental effects. To correct for the electronic noise of the camera and possible systematics, a short exposure (bias) is taken with the shutter closed; the bias frames give the read out of the CCD detector for zero integration time. Several bias frames are combined into a master bias; in the case of UVES five bias frames are taken. The more bias exposures are taken, the less noise will be introduced into the corrected images. Furthermore, as the telescope does not illuminate the detector homogeneously, and the quantum efficiency of the CCD is not necessarily the same over all the pixels, an exposure of an homogeneously illuminated area (flat field) needs to be taken. Five flat fields are then combined to create the normalized master flat field for UVES observations. The bias frame is subtracted of each raw science frame and the resultant spectrum is divided by the master flat field frame. In general, a correction for the dark current of the CCD is also needed, and this is done by taking a long exposure with the shutter closed (dark frame). In the case of UVES, the detector dark currents can be considered negligible and be excluded from the data reduction process. The wavelength calibration of UVES spectra is done by using observations of a ThAr lamp and is part of the standard procedures of the UVES pipeline. The error in the determination of the wavelength solution is 2 mÅ, typical of the UVES pipeline. The spectra were also corrected for radial and barycentric velocity. Given that we did not observe standard stars, the correction for the telluric absorption features and absolute flux calibration was not possible. However, the data reduction process includes the correction of the spectra for the sky airglow emission. We used the R magnitude and Johnson zero point photometry to determine the flux density in the continuum.
Results
[Ne II] detections in VISIR spectra
The [Ne II] emission line was detected in seven stars in our sample: MHO-1, V892 Tau, CoKu Tau 1, FS Tau A, SST 042936+243555, V853 Oph, and EC 92. The line was fitted using a Gaussian profile plus a linear component to account for the continuum. All the parameters of the function were left free to vary. For the cases with non detections, an estimation of the upper limit was calculated as three times the standard deviation of the continuum flux (σ) times the spectrograph full width half maximum (FWHM). Figure 1 displays the spectra after wavelength and flux calibration, plotted including the error bars in the flux. The green line represents the Gaussian fit, and the red dot-dashed line is the 3σ upper limit threshold. The spectra are plotted in the stellocentric frame; the vertical dashed line shows the position the lines would have if centered at the stellar radial velocity. The figure was divided in two panels: detections in the upper panel and non detections in the lower one. In addition, the detections are separated in two groups: stars showing a line blueshifted to high velocities, and stars with a line nearly centered or shifted by a few km s −1 . Figure A .1 displays the observed spectra of the stars and its telluric standard before applying any velocity correction. Only one data set is included for the stars observed in two different days. ♣ Spitzer fluxes come from Güdel et al. (2010) or Baldovin-Saavedra et al. (2011) † The error in the center was calculated considering the contribution of the error in the Gaussian fit and in the stellar radial velocity ♠ In these cases there is no radial velocity in the literature, the average radial velocity of Taurus was assumed. ♦ The binary systems UY Aur (A,B) and MHO 1/2 cannot be separated in the Spitzer spectrum, therefore the flux reported is for the system. of the figure, the original and the flipped spectrum are shown, while the lower panel displays the difference between both profiles. This method does not show any evident asymmetry in the line profiles.
The spatial extent of the emission can be quantified by subtracting the average PSF observed in the continuum from the 2D spectrum, as presented in the position velocity diagrams in Figure 3 (contours start at 3σ with an increase of 5σ at each step), bearing in mind the limited spatial resolution imposed by the instrumental PSF. CoKu Tau 1 presents symmetric emission centered at the stellar rest velocity, with no extended emission beyond the 0.
′′ 3 (40 AU at the distance of Taurus) spatial resolution of the VLT in the mid-infrared. The average PSF in the continuum is also consistent with a point source, indicating that the 0.
′′ 24 companion (Padgett et al. 1999) was not detected. The centroid of the emission at negative velocities is slightly displaced to "negative" spatial extension (about 10 AU) whereas the centroid at positive velocities goes to "positive" spatial extension (also about 10 AU). This could be a signature of disk rotation, but considering the fact that the slit was oriented with PA=0
• , i.e., close to the direction of the bipolar jet (PA=210 • ), the centroid's displacement could also reflect emission by the bipolar jet. We address this point in the discussion (Section 4.1). The emission from FS Tau A is centered at negative velocities, with evidence of extension toward negative velocities, indication of photoevaporative wind. The symmetry of the emission is much less evident than in CoKu Tau 1. The 3σ level extends up to velocities of ±40 km s −1 . The [Ne II] PV diagram in FS Tau A suggests some extended emission beyond 0.
′′ 3 that cannot be attributed to the close 0.
′′ 24 companion (Hartigan & Kenyon 2003) . The [Ne II] emission from V892 Tau shows an extension toward the blue side of the spectrum. Its PV diagram also indicates extended emission beyond 0.
′′ 3.
Comparison with Spitzer line fluxes
We now compare the line fluxes obtained with VISIR with the fluxes obtained previously from Spitzer low-resolution spectra. In general, VISIR fluxes tend to be lower than Spitzer fluxes (reported in Table 4 column 3). Focusing only on the detected lines, we found that in one case (V892 Tau) the flux obtained with VISIR corresponds to the Spitzer upper limit. The difference between Spitzer and VISIR fluxes can go as high as one order of magnitude. In the case of MHO 1/2, the Spitzer flux reported is for the unresolved binary, but the [Ne II] line was detected only in MHO 1 with VISIR. We found that for FS Tau A and SST042936+243555 the VISIR flux is between 30 and 40% lower than the Spitzer flux. For CoKu Tau 1, V853 Oph, and EC 92 the difference between Spitzer and VISIR fluxes are high, the flux obtained with VISIR observations represent between 20 − 30% of the Spitzer flux. The variation between Spitzer and VISIR fluxes has been previously reported by Pascucci et al. (2011) , where they found on the order of 30% for TW Hya. Sacco et al. (2012) also found evidence of the flux discrepancies in their targets for Class I and Class II stars, arguing that the [Ne II] emission is extended at least in Class I stars, and partially in Class II stars. However, they found flux ratios between Spitzer and VISIR that are consistent within a factor of 2 for pre-transition and transition disks, suggesting that the emission is produced close to the star, within ∼ 20 − 40 AU. In our study, the reason for the observed variation remains unclear, although plausible but unlikely explanations might be unidentified flux calibration issues, slit losses in VISIR observations due to an incorrect centering of a star in the slit, unexpected telescope drifts, or to atmospheric conditions. A faint, very broad line could also remain undetected. The most likely explanation for the flux discrepancies is the different beam sizes between Spitzer and VISIR that translate into possible extended emission unresolved and detected in Spitzer but undetected with VISIR. Indeed, Spitzer spectra are extracted from a region covering the whole slit width, for IRS high-resolution this means a region of ∼ 11 ′′ , i.e., about 1500 AU at 140 pc.
We note that L1551 IRS5 was selected for this program because a bright [Ne II] line was detected in the Spitzer spectrum, with a flux of 5.8×10 −13 erg s −1 cm −2 , i.e., a luminosity of the order of L [Ne II] ∼ 10 30 erg s −1 . Although the line was not detected in spectroscopy mode, the target was detected in the [Ne II] narrow band image, likely due to the strong continuum emission. This Class I star is known to drive a highly collimated bipolar outflow observed in the optical, near-infrared and radio (e.g., Davis et al. 2003; Pyo et al. 2009; Wu et al. 2009 ). The position angle of the outflow is measured at 260
• for the northern component and 235
• for the southern component (Pyo et al. 2009 ). The VISIR observations were performed with a P.A.= 0
• . The nondetection of [Ne II] in the spectrum suggests that the emission originates in the outflow, at distances larger than ≈ 0.
′′ 4 from the central star, although the short integration in the acquisition image did not allow the detection of extended emission. We did not repeat the observations at a different P.A. because the outflow explanation is the most likely in this case.
Optical emission lines detected in UVES spectra
Low-excitation forbidden lines are used as diagnostics of the physical conditions of the gas in the wind and shock environments of T Tauri stars (e.g. Hamann 1994; Gomez de Castro & Pudritz 1993; Ouyed & Pudritz 1994 (see e.g., Hartigan et al. 1995) . The LVC and HVC are thought to have different origins; the HVC is believed to be tracing a jet, while the LVC is interpreted as a tracer of a photoevaporative disk wind by . In particular, these authors proposed the presence of both [Ne II] and [O I] as an indicator of an X-ray photoevaporative disk wind. Permitted emission lines of Fe II are also observed in the optical. For example, Beristain et al. (1998) found line profiles showing a narrow and a broad component that were interpreted as being produced by different kinematic zones: the narrow component is produced by turbulence and broadened by stellar rotation, originating in gas located in the post-shock region, and the broad component is produced in gas infalling in the accretion funnel. Furthermore, He I emission lines are presented as a powerful diagnostics, because their high excitation potential the emission is restricted to regions of high temperature or close to the ionizing source (Beristain et al. 2001) .
The optical spectra obtained with UVES show several of these emission lines, whose profiles can be compared with the profile of the [Ne II] line from VISIR to understand the circumstellar environment of the sources and provide hints on the origin of the [Ne II] lines observed. In Table 5 we present the properties of the optical lines detected in the spectra of CoKu Tau 1, FS Tau A, and V853 Oph. In the second column we include the rest wavelength of the lines taken from the NIST Atomic Spectra Database 3 . The line center with respect to the systemic velocity of the star, and FWHM (Cols. 3 and 4) were obtained by fitting a Gaussian profile to the lines, and the errors reported come from the fit. The line fluxes (Col. 5) were calculated using as continuum the stellar flux derived from the R magnitude and the Johnson zero point photometry. In Col. 6 we present the equivalent widths (EW) calculated by integrating the line fluxes within 3σ of the Gaussian fit.
Discussion
Origin of [Ne II] emission: observations and models
The emission of [Ne II] from protoplanetary disks has been discussed in a series of articles that model the irradiation of the disk by high energy photons, each of them gives a different possible scenario for the formation of this emission line (see Glassgold et al. 2007; Alexander 2008; Gorti & Hollenbach 2008; . Observations at high spectral and spatial resolution provide line profiles and shifts that can be used to test the different models. Glassgold et al. (2007) predicted [Ne II] emission from an X-ray irradiated disk atmosphere. In this model, the [Ne II] emission comes from a region within 20 AU from the star. The predicted line profile is double peaked with extended wings associated with material at small radii, although the authors did not give any estimates of the line widths expected. Alexander (2008) modeled the [Ne II] line profiles from a photoevaporative disk wind driven by stellar EUV photons, assuming a spectral resolution of R ∼ 30000. The model included different disk inclination angles. The line profiles obtained varied with the disk inclination considered. A disk viewed face-on (inclination angle i = 0
• ) showed a single peaked line blueshifted by typically < 10 km s −1 . On the other hand, a disk viewed edge-on (i = 90
• ) showed a double-peaked profile. The emission is expected to be centered at the stellar velocity with one peak blueshifted and the other redshifted. The line widths predicted are FWHM ∼ 10 km s −1 for the face-on case and FWHM ∼ 30 km s −1 for the edge-on case. In addition, a disk with an inner hole of 9 AU (in both dust and gas) is also modeled. For the face-on case, the line width and shift are equivalent to the disk without an inner hole. In the edge-on case, the line was narrower for the model with an inner hole than for the model without an inner hole (FWHM ∼ 20 km s −1 ). In addition, the line was double peaked and centered at the stellar rest velocity. A narrower line is in fact expected since the material closer to the star has larger rotational velocity and gives rise to the broadening of the line. considered the photoevaporation of the disk driven by EUV and X-rays and modeled the profiles for a series of emission lines, putting special attention on [Ne II] and [O I] (λ6300). The model considered a disk with and without inner holes of 9, 14, and 30 AU at different inclination angles between 0
• and 90
• . Furthermore, the X-ray luminosity was also variable between log(L X ) = 28.3 to log(L X ) = 30.3. The profile of the [Ne II] line for the model without an inner hole varied according to the disk inclination. A face-on disk showed a narrow profile, with a FWHM between ∼ 4 km s −1 for low L X and ∼ 10 km s −1 for high L X . For the edge-on case, the line profiles are larger but do not change much with L X ; the FWHM are between ∼ 20 km s −1 and ∼ 23 km s −1 for the low and high L X , respectively. Only in the case of a face-on disk and low L X was the line found to be centered at the stellar velocity; in all other cases the line was blueshifted by up to ∼ 5 km s −1 . All the profiles obtained were asymmetric, with a shoulder toward the blueshifted part, which became more evident for the high L X model.
Using the predictions of such models we can attempt to give an interpretation to the line profiles observed. Following the order of the panels of Fig. 1 Fig. 1 correspond to this group and they are characterized by a large velocity shift toward the blue. The emission is likely to originate mainly from shocks in jets. For MHO-1 and SST 042936+243555 there is no available measurement of the radial velocity (we assumed the average radial velocity of the Taurus Molecular Cloud) but since they are observed with high velocity shifts, −122 and −89 km s −1 respectively, we conclude that the emission is likely originating in a jet. V853 Oph and EC 92 also likely belong to this group, with velocity shifts of −36 and −31 km s −1 respectively, despite the low peak velocities, perhaps due to inclination effects.
There is no record in the literature of jets detected in our sample of stars with highly blueshifted [Ne II] emission. In the case of SST 042936+243555, this is likely due to the low number of observations dedicated to look for jet or outflow emission published. From a search in the literature, spectroscopic observations in the optical or in the near-infrared do not show any evidence of outflow or jet emission in MHO-1, V853 Oph, or EC 92. Shang et al. (2010) • . The lines are asymmetric with a broad shoulder toward the red side of the spectrum. The excess emis-sion toward the red can reach up to +100 km s −1 , depending on the inclination angle. The profiles of the model were calculated for a resolution of 1 km s −1 , much higher than the resolution achieved with our VISIR observations. However, the dominant feature is a large blue-shifted peak, like observed in MHO-1, SST 042936+243555, V853 Oph, and EC 92.
Weakly blueshifted [Ne II] emission from photoevaporative wind:
The centroids of the lines in this category are close to the stellar rest velocity or show a small velocity shift. To this group belong FS Tau A and V892 Tau. In particular, the [Ne II] profile from V892 Tau shows an excess toward the blue, and a line width of 25 km s −1 . The star is known to be a binary of separation ∼ 5 AU. The circumbinary disk was detected by Monnier et al. (2008) through infrared imaging. The inclination of the disk is estimated to be i = 60
• and the disk inner hole to be ∼ 35 AU. FS Tau A is also a close binary system, with separation 0.
′′ 24 (Hartigan & Kenyon 2003, equivalent to 34 AU at the distance of Taurus) and surrounded by a circumbinary disk that extends up to 630 AU (Hioki et al. 2011) . The spatial extension of the emission (Figure 3 ) in both systems shows an excess toward the blue side of the spectrum, i.e., an indication of a photoevaporative disk wind.
The special case of CoKu Tau 1:
The emission line detected in CoKu Tau 1 shows a flat-topped, broad profile with a FWHM of 55 km s −1 , and wings extending up to velocities close to ±80 km s −1 . The emission is also spatially unresolved. The immediate interpretation is that the [Ne II] line originates from the disk atmosphere, from material located at small disk radii. However, the star is known to be viewed close to edge-on (i = 87
• , Robitaille et al. 2007 ) and is known to have a bipolar jet detected at both positive and negative velocities relative to the star (Movsesyan & Magakyan 1989; Eislöffel & Mundt 1998) . Photoevaporation models at nearly edge-on inclinations predict large wings, but due to model construction they never extend beyond ±40 km s −1 (e.g., Alexander 2008; . Perhaps a fast photoevaporative wind could explain the broader wings observed in CoKu Tau 1. Bast et al. (2011) argued also that broad centrally peaked CO line profiles in protoplanetary disks could not be explained by inclined disks in Keplerian rotation, but that a combination of emission from the inner part of the disk and a slow moving disk wind could explain the line profiles. Although the disk interpretation for CoKu Tau 1 is more physically interesting, the bipolar jet explanation is as valid: first, its [Ne II] flux is rather high with Spitzer and VISIR and is more typical of fluxes detected from jets. Second, although the PV diagram shows spatially unresolved emission, a careful analysis indicates peaks at "negative" spatial extension for negative velocities, and peaks at "positive" spatial extension for positive velocities. Considering the fact that we used a NS slit orientation with VISIR (and UVES) while the jet is oriented with PA=210 Figure 4 , whereas the Fe II and Hα lines appear in the Appendix (Fig. A.2) . The shapes of the two detected [N II] lines (λ6548 and λ6583) are more difficult to interpret, they appear double or multiply peaked but this might also be due to a lower signal-to-noise ratio in that part of the spectrum. We note that the optical line profiles are compatible with those of White & Hillenbrand (2004) from HIRES data. The optical emission spectrum is completely dominated by optical forbidden lines (and Hα), which is typically seen in edge-on Class I stars (White & Hillenbrand 2004) . The origin of these optical lines is unclear but could either be due to the disk atmosphere or from the inner bipolar jet. The profile of the [Ne II] line is consistent with the forbidden lines (Fig. 3) , which suggests that the line may either originate from the same region. • , Andrews et al. 2010) . The λ6300 line, on the other hand, shows two velocity components: one close to the stellar rest velocity and the other with a higher velocity shift toward the blue, probably due to a jet. The separation between the components are believed to be real, although there is likely a moderate absorption between the components due to water molecular absorption. Indeed, although oxygen emission lines are present in the sky spectrum, they are removed in the data reduction process. But molecular absorption lines from the atmosphere can only be corrected with observations of a telluric standard. Since we do not have a telluric calibrator for the optical spectra, we used archival spectra of early type stars to look for contamination of atmospheric absorption lines in the profile of [O I] . There is, indeed, a 20-30 % absorption feature at the proper position, suggesting that some but not all of the absorption feature observed in the λ6300 line is due to a water absorption line. line is slightly broader and shows emission at higher speeds, but the signal-tonoise ratio is not large. The line profiles differ from the profiles predicted by Shang et al. (2010) ; they are narrow and the peak is located at velocities lower than predicted by the model; −37 km s −1 against ∼ 100 − 200 km s −1 . In conclusion, at least in the case of V853 Oph, the detected [Ne II] line is not a tracer of photoevaporative wind since it traces a high-velocity component of a jet. Possibly the [Ne II] component from a photoevaporative wind exists, but it is much fainter than the jet component detected with Spitzer and VISIR.
Comparison between [Ne II] profile and optical lines
Lines emitted in a jet
Summary of [Ne II] ground based observations.
Putting together previous results (Herczeg et al. 2007; van Boekel et al. 2009; Najita et al. 2009; Pascucci & Sterzik 2009; Pascucci et al. 2011; Sacco et al. 2012) . We can attempt to extract some general conclusions from the results we have in hand up to now, keeping in mind that ground based observations are challenging in terms of sensitivity. Studies based on Spitzer observations showed a weak correlation between the [Ne II] luminosity and the X-ray luminosity, in particular for optically thick disks sources. This correlation is expected if X-rays are responsible for the neon emission. Sacco et al. (2012) found no obvious correlation between the [Ne II] and X-ray luminosities in their sample. Restricting to all detected sources in which ground based observations give a line consistent with disk emission and the ones consistent with photoevaporation, there is still no clear evidence of a trend. But, if dropping the 5 targets in Sacco et al. (2012) with an observed blueshift less than 18 km s −1 and whose disk inclinations are unknown, there is a possible trend for higher neon luminosities with higher X-ray luminosities. However, we emphasize that the sample is relatively small, and there are many uncertainties (classification, inclination, variability, etc).
Another lesson from Spitzer observations is that bright neon emission is expected in jet sources, and that whenever jets are present, they dominate over the disk emission (Güdel et al. 2010; Baldovin-Saavedra et al. 2011 . emission (e.g., van Boekel et al. 2009 , Pascucci & Sterzik 2009 , Sacco et al. 2012 . The detected lines in jet sources tend to be fainter than lines compatible with disk or slow wind emission (see also Fig. 4 in Sacco et al. 2012 ). This can be explained because the larger beam of Spitzer was able to capture most of the extended emission produced by shocks, but this emission is filtered out by the narrow slit used in ground based observations. Jet activity is closely related to the evolution of pre-main sequence stars and to their accretion history. Outflows and jets are more powerful during the earlier stages and they tend to decrease in intensity as the star evolves toward a state of lower level of accretion. Unfortunately, there is little information in the literature about the stars of the sample showing neon emission consistent with outflows/jets. They are generally classified as Class II sources, and the levels of disk mass accretion rate are in the typical level of T Tauri stars (∼ 10 −8 M ⊙ yr −1 ; e.g., Güdel et al. 2007; Güdel et al. 2010 , and references therein). Sacco et al. (2012) also argue that the ratio between [Ne II] fluxes measured by Spitzer and VISIR are consistent for transition disk and pre-transition disk sources. Our detected sample does not include targets with such a classification, but Class II stars (except V892 Tau) that show VISIR fluxes several times lower than Spitzer fluxes, consistently with the Class II stars observed by Sacco et al. (2012) . The latter argued that the emission in transition and pre-transition disk objects would be located within a few AU from the central star, in contrast with Class II sources that would emit [Ne II] from both the inner region and an extended envelope. In our three targets with low velocity shifts, extended emission is found for both FS Tau A and V892 Tau, whereas CoKu Tau 1 shows no evidence of extended emission (but its emission is either due to a bipolar jet or a disk). Thus, overall, our data support the interpretation by Sacco et al. (2012) that extended emission is present in some Class II sources.
In three stars the [Ne II] line could be interpreted with disk emission: CoKu Tau 1 (this work), AA Tau, and GM Aur (Najita et al. 2009 ). The first two are classical optically thick disks and GM Aur is a more evolved transitional disk. The first two also have high inclination angles: i = 87
• ( CoKu Tau 1; Robitaille et al. 2007 ) and i = 75
• (AA Tau, Bouvier et al. 1999) , where as GM Aur has i = 54
• (Simon et al. 2000) . As discussed in this paper, the disk origin for CoKu Tau 1 is difficult to ascertain and could be attributed to the bipolar jet. Interestingly, Cox et al. (2005) reports the presence of a jet in AA Tau. Although Najita et al. (2009) interprets the broad (FWHM=70 km s −1 ) [Ne II] line as due to the disk, a similar situation as in CoKu Tau 1 could occur, and the emission could be due to a bipolar jet in AA Tau. However, in the case of GM Aur, its moderate inclination, its transitional disk status, and the absence of a reported jet all suggest that the emission may really come from the disk. In any case, the X-ray luminosities of the disk sources are of the order of 10 30 erg s −1 , sufficient to effectively heat the disk and to be responsible for the neon emission.
Different studies suggest that soft X-rays can drive powerful photoevaporative winds that can disperse the disk effectively. Observationally, these winds translate in emission lines showing a small blueshift. These winds are stronger, and are effective once the mass accretion rate has fallen to values lower than 10 −8 M ⊙ yr −1 for an X-ray luminosity L X ∼ 2 × 10 30 erg s −1 . Out of 12 targets from Sacco et al. (2012) , ten show evidence of small blueshifts within 18 km s −1 of the stellar velocity. Only two targets were classified as Class II sources, while the rest was classified as transition or pre-transition disk sources. In our sample, FS Tau A and V892 Tau also show a blueshift, and three additional sources show such blueshifts in Pascucci & Sterzik (2009) . Interestingly, Sacco et al. (2012) found evidence that the FWHM of the detected lines in their sample increased with increasing blueshift. Our sample does not show this trend, with the majority of lines with FWHM around 26-27 km s −1 , except for CoKu Tau 1 that is much broader and EC 92 which is narrower but slightly above the VISIR instrumental resolution of 10 km s −1 . In fact, a plot of FWHM vs v peak from both our and Sacco's data sets shows no evidence of a correlation. The high number of [Ne II] lines consistent with photoevaporative winds by Sacco et al. (2012) could suggest that photoevaporation of the disk is an effective mechanism. However, the significant number of non-detections of [Ne II] in our study may also indicate that photoevaporative winds may not be as efficient as suggested in all young disk-bearing stars. In addition, our detected sources show different behaviors, from jets, photoevaporative winds, to disk emission. It may, nevertheless, be that photoevaporation is the most efficient mechanism for [Ne II] emission in transition and pre-transition disk sources, as argued by Sacco et al. (2012) . Disk emission appears, on the other hand, rare and subject to uncertainties such as the disk inclination.
Summary and Conclusions
We presented observations of the [Ne II] line at 12.81 µm at high spectral and spatial resolution obtained with VISIR-VLT in a sample of selected pre-main sequence stars with previously detected neon emission with Spitzer. The emission line was detected and spectrally resolved in seven stars. We interpreted the profiles and shifts according to three emitting mechanisms:
-Lines consistent with photoevaporation. These are the lines detected in FS Tau A and the Herbig Be star V892 Tau. They show small shifts with respect to the stellar velocity and FWHM ∼ 26 km s −1 . -Lines consistent with shocked material in outflows/jet. The line centroids are blueshifted at large velocities in four stars: MHO-1, SST042936+243555, V853 Oph, and EC 92. To our knowledge, there is no previous record in the literature of the detection of a jet in these stars. On the other hand, for several stars known to be jet driving sources we did not detect neon emission. It is possible that in these cases the orientation and width of the slit used prevented us from detecting neon emission at large velocities. -Lines consistent with disk emission. This is possibly the case of CoKu Tau 1 since the line is centered at the stellar velocity, has a symmetric profile and large FWHM ∼ 55 km s −1 . The line also presents wings extending toward velocities close to 100 km s −1 . The emission of the fast rotating gas is likely coming from regions close to the star. However, an interpretation of the line due to the bipolar jet cannot be excluded and may, in fact, be better in view of the high [Ne II] luminosity in CoKu Tau 1.
For three stars in the sample, optical observations with UVES allowed the determination of the radial velocity, a crucial measurement for determining the line shifts. The profiles of the forbidden lines detected in the optical spectra were compared with the profile of the [Ne II] line to better constrain the emission mechanism. In general we found a good agreement between the profiles of the optical forbidden lines and the [Ne II] lines, indicating a common emitting mechanism. Studies that combine observations in the two bands need to be done in a more systematic way.
Combining our results with previous studies based on highspectral and spatial resolution of neon, we attempt to extract more general conclusions on the emitting mechanism, keeping in mind that the sample is incomplete and biased toward large neon luminosities. For stars with neon emission compatible with disk emission and photoevaporative winds, a relation between [Ne II] and X-ray luminosities is difficult to see. Sacco et al. (2012) found a correlation between the [Ne II] line FWHM and the peak velocity, but our study does not confirm this trend. In fact a combination of Sacco et al.' s and our data sets shows no trend.
The mass accretion rates of the stars showing lines consistent with photoevaporation are in the range at which this mechanism clears out the disk. Many stars in this group are classified as transitional disks Pascucci & Sterzik (2009); Sacco et al. (2012) , but two stars with neon emission compatible with photoevaporation presented here do not belong to this class ( V892 Tau and FS Tau A). These two objects are close binaries with separations of 5 and 36 AU for V892 Tau and FS Tau A respectively, and surrounded by circumbinary disks. The systems were not separated by VISIR observations. An interesting result from our study is the low detection rate of [Ne II] lines consistent with photoevaporation, in contrast to the study by Sacco et al. (2012) . Even more interestingly, CoKu Tau 1 shows evidence of broad line in [Ne II] and in other optical forbidden lines, but the origin of the emission is likely from its bipolar jet, although disk emission cannot be excluded, nor a contribution from a photoevaporative wind.
A deeper knowledge of the stars studied is needed. As an example, for the sources with neon emission compatible with jet emission, very little information is published. Important parameters such as mass accretion rate, or even the presence of outflow/jet activity from other tracers is not available. Observations of the [Ne II] line can be used to study jets, photoevaporation, and disk emission. A larger sample is needed in order to identify the preferred emitting mechanism for the different types of stars. Although ground-based observations of [Ne II] from young stars are challenging, our work demonstrates that they are crucial to constrain the kinematics and physical region of the emitting source, and, thus, to determine the emitting mechanism of the [Ne II] line. Table 5 . Properties of the optical UVES lines for CoKu Tau 1, FS Tau A, and V853 Oph. The [O I] lines at λ6300 and λ6363 of V853 Oph were fitted using the sum of two Gaussians to account for the low and high-velocity components (LVC and HVC), while flux and equivalent width were calculated for the sum of the two components. Note: The error in the center was calculated considering the contribution of the error in the Gaussian fit and in the stellar radial velocity.
A.2. Radial velocities used in this study
Since the stellar radial velocity is a key parameter in determining the centroid of the emission lines, it is worth to explain the choice of radial velocities used in this study. For the stars located in the Taurus region with no measurement of the radial velocity available in the literature, we adopted the average radial velocity of Taurus, v rad = 16.0 ± 0.4 km s −1 (Bertout & Genova 2006) . We also use this value for the Herbig Be star V892 Tau. The 12 CO J = 2−1 observations by Panić & Hogerheijde (2009) were likely dominated by extended emission from the cloud. A search through the Herbig & Bell (1988) catalogue within 1 ′ of V892 Tau for radial velocities of good quality also argued in favor of a radial velocity around 15 − 16 km s −1 for V892 Tau. In addition, the radial velocities used for two stars (L1551 IRS5 and EC 92) are reported in the literature using the frame of the Local Standard of Rest (LSR), v LSR (Covey et al. 2006) . In these cases the radial velocities were converted to v rad using the expression v rad = v LSR −(U ⊙ cos l + V ⊙ sin l) cos b−W ⊙ , where l and b are the coordinates of the star in the Galactic coordinate system, and U ⊙ = 10.3 km s −1 , V ⊙ = 15.3 km s −1 , and W ⊙ = 7.7 km s −1 come from Niinuma et al. (2011) .
A.2.1. Determination of the stellar radial velocity from UVES spectra
To determine the radial velocity of our program stars, we used the optical spectra obtained by UVES. Optical spectra are populated by a series of absorption lines from the stellar photosphere, where the lines are shifted due to the stellar motion with respect to the observer, the radial velocity. In order to determine the line shift, each spectrum was compared with a high-resolution synthetic spectrum (Bertone et al. 2008 ) of a star having the same spectral type as the star observed. Where an appropriate synthetic spectrum was not available, we used a synthetic spectrum of similar spectral type as the star observed. For this purpose we used the interactive IDL-based software described in Carmona et al. (2010) . This tool allows the synthetic and target spectra to be displayed, and to calculate the radial velocity of the observed spectrum using the cross-correlation technique. The maximization of the cross-correlation function is a widely-used procedure to determine radial velocities (e.g., Tonry & Davis 1979; Allende Prieto 2007) . If we have two arrays, S corresponding to the stellar spectrum and T the template spectrum, the cross-correlation between the two will be a new array C defined by the following expression:
The maximum value of the cross-correlation function C will correspond to the element i = p where p is the shift in pixels between both the stellar spectra S and the template spectrum T . The position of the maximum of the function (the radial velocity) and its error were calculated with a Gaussian fit. The radial velocity measured by cross-correlation was corrected by the barycentric motion of the earth at the moment of the observations to obtain the final radial velocity measurement. The radial velocities obtained with this method are presented in Table A .1, where we also included the radial velocities from the literature, when available. Errors are reported between parentheses. For one object (V853 Oph) there is no previous measurement of the radial velocity, while for FS Tau A there are two measurements available in the literature, both having uncertainties larger than 5 km s −1 . For FS Tau A and V853 Oph the precision achieved in this work is < 1 km s −1 . Finally, due to the lower signal-tonoise ratio obtained in the spectrum of CoKu Tau 1, fewer photospheric lines were detected. Therefore, the precision achieved in the radial velocity is lower for this star (17.5 ± 2.4 km s −1 ) than that derived by White & Hillenbrand (2004) , although our value is consistent. Therefore we used their radial velocity in this paper.
In addition, we obtained the v sin i for the three stars by comparing the observed spectra with rotationally broadened synthetic spectra (e.g., Bertone et al. 2008; Müller et al. 2011) of T eff = 3850 K and log g = 4.5 for CoKu Tau 1 and FS Tau A. For V853 Oph the values used were T eff = 3370 K and log g = 4.5, the lines are spectrally unresolved. The results are reported in Table A .1. In black the spectra of the star and in red the spectrum of the telluric standard. We included one spectrum for the stars observed in two days. The spectra are presented before the barycentric and radial velocity correction to visualize the telluric absorption lines and the observed science and standard star/asteroid spectra. 
A.3. Lines detected in UVES spectra
